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PROCEEDINGS 
OF THE 
AMERICAN PHYSICAL SOCIETY. 
MINUTES OF THE CHICAGO MEETING, NOVEMBER 28 AND 29, 1919. 
THE 1 ooth regular meeting of the American Physical Society was held in the Ryerson Physical Laboratory of the University of Chicago on 
Friday and-Saturday, November 28 and 29, 1919. The attendance was un-
usually large and this was especially true of members from the eastern portion 
of the country; the average attendance was about one hundred and sixty with 
a maximum of over two hundred on Saturday morning. 
There was a short business session on Saturday morning, November 29, 
1919, at which an amendment to the By-Laws, as recommended* by the Council, 
was unanimously adopted. The amendment refers to Artical I—Dues, 
Section 1; as amended the Section reads: The annual dues of regular members 
shall be ten dollars and of associate members eight dollars, payable on the 
1st of January. 
A beautiful wreath of laurel in memory of Professor Wallace C. Sabine, who 
was vice-president of the Society at the time of his death on January 10, 1919, 
was presented to the Society by Colonel George Fabyan of Geneva, 111. It 
was a token of esteem and appreciation especially appropriate at this hundredth 
meeting. 
At a regular meeting of the Council, held on November 28, 1919, the fol-
lowing elections were made: elected to regular membership, Dugald C. Jackson, 
Charles B. Bazzoni; elected to associate membership, Lewis G. Abernathy, 
E. S. Akeley, C. N. Anderson, Mary Ruggles Andrews, I. G. Barber, H. Louisa 
Billings, Christian F. Boeck, Ira S. Bowen, H. B. Briggs, M. C. Bubenzerr 
Chas. W. Chapman, Allison A. Clokey, B. L. Conley, Aurelius L. Corcuera, 
Charles B. Crofutt, Edith E. Cummings, Margaret K. Dawson, Ralph D. 
Doner, Charles H. Dwight, H. E. Farnsworth, Floyd A. Fireston, E. V. Floyd, 
Floyd Hill Frame, M. L. Frazier, H. A. Frederick, E. C. Fritts, Jr., Roscoe 
H. Gerke, L. H. Gilmore, John C. Hamilton, George R. Harrison, T. R. Harri-
son, Kenneth Hartley, D. L. Hay, L. A. Hazeltine, Ann Hepburn, George W. 
Horton, J. Warren Horton, James D. Jordan, Earl C. Karker, Lewis R. Roller, 
A. Collins Ladner, Thomas J. Love, Isreal Maizlish, Sister Aloysius Marie, 
Edward J. Martin, Robert C. Mathes, L. L. Nettleton, Robert F. Paton, E. B. 
Penrod, Eugene Peterson, A. D. Power, R. L. Price, Phil P. Quale, Charles W. 
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Robbins, Irwin Roman, E. Frances Setter, H. H. Sheldon, R. C. Siegel, L. B. 
Slichter, William R. Smythe, Howard C. Stearns, John C. Steinberg, R. R. 
Stephenson, John Q. Stewart, Ting Supao, Joseph W. Tanch, E. G. Taylor, 
H. C. Terry, John X. Thompson, Earl W. Thomson, Lewi Tonks, Forrest G. 
Tucker, Elmer N. Turnquist, Frederick P. Upton, Clarence W. Wallace, John 
C. Warner, G. B. Watson, Warren Weaver, Hugh E. Weightman, H. T. Wenzel, 
Richard M. White, W. T. Whitney, Clodius H. Willis; transferred from associate 
to regular membership, A. G. McGougan, Wheeler P. Davey, Kasson S. Gibson. 
The centenary occasion was marked by a symposium of eight papers of 
unusual importance on the Electron-Tube, presented by invitation of the 
President of the Society. The program of the Symposium was as follows: 
Phenomena in Pure-Tungsten Filament Electron Tubes. IRVING LANG-
MUIR. 
Phenomena in Oxide-Coated Electron Tubes. H. D. ARNOLD. 
The Relations of the Constants of an Electron Tube to its Physical Dimen-
sions. L. A. HAZELTINE. 
Theory of Action of Electron Tubes as Amplifiers. JOHN M. MILLER. 
Theory of Action of Electron Tubes as Generators. JOHN H. MORECROFT. 
High Power Transmission Sets. W. C. WHITE. 
Electron Tubes in Telephony. O. B. BLACKWELL. 
A Method of Receiving Very Short Waves. E. H. ARMSTRONG. 
The ordinary program contained thirty-two papers, six of which were read 
by title, the program was as follows: 
The Change of Molecular Kinetic Energy into Molecular Potential Energy—• 
The Entropy Principle. WILLIAM D. HARKINS and L. E. ROBERTS. 
The Spectro-Photo-Electric Sensitivity of Thaloside. W. W. COBLENTZ. 
(Read by title.) 
Duration of the Light Emission from a Radiating Hydrogen Atom. A. J. 
DEMPSTER. 
The Fine Structure of the Near Infra-Red Absorption Bands of the Halogen 
Acids. ELMER S. IMES and H. M. RANDALL. 
Vibrational Frequencies of the Halogen Acid Molecules. W. F. COLBY. 
The Nuclei of Atoms and the New Periodic System. W. D. HARKINS. 
Symmetrical Subdivision of Anode Glow in Helium Discharge Tubes. 
G. M. J. MACKAY. 
The Spectral Distribution of the Radiant Energy of Metals. GROVER R. 
GREENSLADE. 
The Construction of Three-Element Power Electron Tubes. EARL M. 
TERRY and C. M. JANSKY, JR . 
The Nature of the Process of Ionization by Alpha Particles. R. A. M I L -
LIKAN, V. H. GOTTSCHALK, and M. J. KELLY. 
Threshold Phenomena and the Law of Radiation. JAKOB KUNZ. 
The Ionization Potential of Mercury Vapor as a Function of the Temperature 
of the Cathode. T. C. H E B B . (Read by title.) 
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On Ionization by Successive Impact, and Its Action in Low Voltage Arcs. 
KARL T. COMPTON. 
Radiation and Ionization Produced in Helium by 20-volt Impacts. KARL 
T. COMPTON. 
Ionization Potentials of Argon, Nitrogen, Carbon Monoxide, Helium, Hydro-
gen and Mercury and Iodine Vapors. CLIFTON G. FOUND. 
Studies with the Ionization Gage. I. Construction and Method of Cali-
bration. S. DUSHMAN and C. G. FOUND. 
Studies with the Ionization Gage. II, Relation between Ionization Current 
at Constant Pressure and Number of Electrons per Molecule of Gas. S. DUSH-
MAN and C. G. FOUND. 
Charcoal Activation. H. H. SHELDON. 
The Absorption of Air by Charcoal at Reduced Pressures near Liquid Air 
Temperature. THOS. E. DOUBT, HARRY C. THOMPSON, and H. H. SHELDON. 
An Apparent Compression by Adsorption. W. D. HARKINS and D. T. 
EWING. 
Experiments on Osmotic-Electric Electromotive Forces. A. P. CARMAN 
and E. C. FRITTS, J R . (Read by title.) 
Neutral Magnetization. A. W. SMITH and H. E. HAMMOND. 
The Rigidity of the Earth. A. A. MICHELSON and HENRY G. GALE. 
Possible Standard of Sound—Energy of, etc. CHAS. T. KNIPP. 
Stroboscopic Formulae used by Poske, by Michelson, and by Reed, Respec-
tively, for Rating Tuning Forks, as Special Cases of the More General Strobo-
scopic Equation. L. E. DODD. (Read by title.) 
Note on the Theory of Longitudinal Vibrations in Rods Having Internal 
Losses. W. G. CADY. 
The Functions of Intensity and Phase in the Binaural Location of Pure 
Tones. G. W. STEWART. 
The Viscosity-Temperature Curves of Seven Varieties of Optical Glass. 
E. W. WASHBURN and G. R. SHELDON. (Read by title.) 
The Measurement of Very Short Time Intervals. PAUL E. KLOPSTEG. 
(Read by title.) 
The Effective Capacity and Resistance of a Condenser for High Frequency 
Currents. F. C. BLAKE. 
The Dielectric Constant of Kerosene and Water for High Frequency Cur-
rents. F. C. BLAKE and CHARLES SHEARD. 
The Electric Field of a Rotating Magnetic Doublet. W. F. G. SWANN. 
DAYTON C. MILLER, 
Secretary, 
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THRESHOLD PHENOMENA AND THE LAW OF RADIATION.1 
BY JAKOB KUNZ. 
IF a beam of monochromatic light falls upon a metal, it will in general not produce photoelectric effect until the frequency reaches a critical value 
given by the equation (n — n0)h — eV = \mvl. There is a threshold in the 
frequencies of the light, characteristic for each metal, but always expressed 
by the first equation. This holds for visible, ultra-violet and x-ray light* 
In the opposite effect, when moving electrons collide with atoms or molecules 
in the vapour state, then critical or threshold velocities are observed which are 
determined by the same equation. In a given vapor for instance of alkali 
metals, in general two thresholds are observed: a resonance and an ionization 
potential. For a certain lower value the velocity of the electrons is just suffi-
cient to produce radiation of the first line of the principle series of alkali metals. 
For a higher critical value of the velocity, the electrons split the above in two 
parts and ionization takes place for a velocity determined by the equation: 
\mvl — eV = hn, 
where n corresponds now to the convergence frequency of the principal series. 
Similar relations have been found in the alkali earth group, in magnesium, 
zinc, cadmium, mercury thallium, etc. In mercury vapor, for instance, 
there is a first resonance potential at 4.9 volts, a second at 6.7 and an ionization 
potential without radiation at 10.4 volts. Hydrogen seems to have three 
thresholds: the first at 11 volts: ionization with radiation the second at 13.6 
volts, radiation with an increase of ionization, and the third at 15.8 volts 
where a new ionization sets in without increase of radiation. 
When electrons in a Rontgen tube strike a metal, they produce x-rays in 
general of two kinds: a general or pulse radiation and characteristic rays. 
It has recently been found that for the general radiation all frequencies occur 
up to a certain limiting value given by the equation \mv^ = eV = hn, and the 
same relation holds for the characteristic rays. 
Thresholds seem to appear generally when light energy is transformed in 
kinetic energy of electrons or where kinetic energy of electrons is transformed 
into light energy or used up for ionization. 
At least three different attempts can be made at an explanation of these 
thresholds. I t might be due to a special property of the ether, or due to a 
property of the electron, or due to the atoms from which the electrons are set 
free. We shall make this latter assumption and imagine that in a given sub-
stance especially in a solid state we find thermal energy of agitation and intrinsic 
elecromagnetic energy stored up in the atoms or molecules; then we can deduce 
from the canonical distribution of systems of Gibbs the fundamental law of 
radiation if we make the following assumptions: (1) For every degree of freedom 
there is a threshold in this intrinsic electromagnetic energy; (2) the entropy 
1
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corresponding to the intrinsic energy for high temperature Li = $Nk log 
E0/n is a universal constant. E0jn — h; (3) free energy of thermal energy 
alone is used for the calculation of the entropy of the oscillators. The thermal 
energy of the oscillators appears then in the form: 
which leads directly to Planck's law of radiation. 
T H E IONIZATION POTENTIAL OF MERCURY VAPOR AS A FUNCTION OF THE 
TEMPERATURE OF THE CATHODE.1 
B Y T. C. H E B B . 
IN two previous papers I have shown that mercury vapor can be ionized with a potential difference as low as 4.9 volts. From these results it was 
concluded that this potential difference was characteristic of mercury vapor. 
This conclusion was natural in view of the quantum relation which appears to 
hold for 4.9 volts. 
I have lately performed some experiments with a new design of apparatus 
and I find that there is no apparent significance in this value of 4.9 volts. 
I have found that mercury vapor will ionize at lower voltages, the lowest so 
far obtained is 3.2 volts. I have also found that there is a linear relation 
between the striking voltage of an arc—the ionization potential—and the tem-
perature of the cathode. This relation, which appears to be represented by 
the equation V = 10.5 — .002 T, where V is the striking voltage, 10.5 is the 
ionization potential of mercury vapor and T is the absolute temperature of the 
cathode, holds only for the higher temperatures of the cathode. 
The experiments will be published at an early date. 
UNIVERSITY OF B R I T I S H COLUMBIA, 
VANCOUVER, B. C. 
ON IONIZATION BY SUCCESSIVE IMPACT, AND ITS ACTION IN LOW VOLTAGE 
ARCS.1 
B Y K A R L T. COMPTON. 
THE ionization of a vapor, or the production of its many-lined spectrum, at voltages distinctly below its minimum ionizing potential has been 
variously accounted for by the photoelectric action of excited radiation on the 
vapor or on the cathode, by electron impacts in quick succession on some of the 
molecules, or by the joint action of radiant energy and energy of impact. 
Increased electron emission from the cathode due to its bombardment by 
1
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positive ions may aid in sustaining an arc but cannot be a primary factor in 
causing it to strike. There is experimental evidence against the hypothesis 
of photoelectric action on the vapor. Photoelectric action on the cathode 
occurs, but is shown to be insufficient to account for the observed ionization. 
Recent work by Stark gives information regarding the order of magnitude of 
the interval of time during which a molecule may retain energy from an impact, 
and thus makes possible a quantitative estimate of the magnitude of the effect 
due to successive impacts. 
Assuming that ionization may be produced if a molecule is struck by an 
electron with velocity greater than the minimum radiating velocity followed 
by another similar impact within the time interval r determined by Stark, 
it is shown that the fraction of the collisions which result in ionization is 
approximately nNfr/N1 if the ineffective collisions are inelastic and is \r2TJpN2-
nfr/XN1 if ineffective collisions are elastic. Here p is the gas pressure, n is 
the number of bombarding electrons crossing unit area per second, X is the 
electric intensity, / is the probability of producing radiation at an impact with 
velocity equivalent to U volts and the remaining quantities are constants. 
Substitution of experimental values shows that the effects of successive impact 
are entirely negligible in the case of the inelastic gases, but that in mercury vapor 
under the most favorable conditions tested about 0.0002 of the impacts follow 
others in sufficiently close succession to produce ionization by successive 
impacts. 
An extension of the analysis leads to the conclusion that the intensity of 
visible (arc) radiation at voltages below the ionizing potential is R. = KTJ% 
(U— Vo)2pV/Xs, which is in general accord with the observed influence of 
pressure, applied field and current density. The effect of positive ions thus 
produced on the total current, due to the modification of the space charge and 
to bombardment of the cathode, is considered. 
The conclusion is reached that successive impact is an important factor in 
producing ionization at abnormally low voltages and in causing an arc to 
strike, but that it alone is insufficient to account for all the observed phenomena. 
RADIATION AND IONIZATION PRODUCED IN HELIUM BY 20-VOLT IMPACTS.1 
BY KARL T. COMPTON. 
A SIMPLE and convenient device for distinguishing between ionization and radiation in a gas and for determining the proportion of the effect due 
to each when both are present is used to examine the effect produced in helium 
when the atoms are bombarded by electrons which have fallen through 20 
volts. Theories of radiation and atomic structure lead to the expectation of 
radiation alone at this voltage, and this prediction is confirmed by recent work 
of Horton and Miss Davies. On the other hand, Franck and Hertz have 
1
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pointed out that some of their results with helium can only be explained by 
supposing that true ionization occurs at 20 volts. (Their results may also be 
accounted for by assuming absorption of the radiation by the gas.) 
Preliminary tests with the apparatus described have indicated that only 
ionization is detected if the gas pressure in the apparatuses relatively high, but 
that radiation is detected in larger and larger proportion as the gas pressure is 
reduced. Experiments are not yet decisive on the question as to whether the 
effect approaches one of pure radiation as the gas pressure aproaches zero. 
The results strongly suggest, however, that the primary effect is radiation, 
as predicted by theory, and that the ionization is a secondary effect due to 
the impact of an electron against an atom which at the instant contains energy 
absorbed from the radiation by neighboring atoms. Various tests of this 
hypothesis are in progress. 
IONIZATION POTENTIALS OF ARGON, NITROGEN, CARBON MONOXIDE, HELIUM, 
HYDROGEN AND MERCURY AND IODINE VAPORS.1 
BY CLIFTON G. FOUND. 
THE object of this investigation was the determination of the effect of the presence of gas on the volt-ampere characteristics of a two-electrode 
electron discharge tube and the determination of the voltage at which these 
gases affected the space charge of the tube, that is, the ionization potential of 
the gases. The method used was one similar to that employed by Foote and 
Mohler except that a commutator was used which broke the filament heating 
circuit while the space current was being measured. By this method, the 
complication of a voltage drop along the filament was avoided. 
Thus the relation 
i = A(v- vQyi\ 
where V0 is voltage equivalent of the initial velocity of the electrons, holds up 
to the voltage at which ionization occurs in the gas. 
The ionization potential of argon was found to be between 15 and 16 volts 
and was constant for pressures from 1 to 200 bars. With increase in filament 
temperature, the apparent ionization potential was lowered, but when com-
pensation was made for the initial velocity of the electrons, the real value was 
found to coincide with that obtained at lower filament temperature. 
The ionization potential of nitrogen was found to be about 16 volts, while 
that obtained for carbon monoxide was about 13.5 or 14 volts. 
Ionization commenced in mercury vapor between 10 and 11 volts. 
Helium and hydrogen were also studied. A value of 20.5 volts was obtained 
for helium, but the purity of the gas was questionable. Hydrogen gave a 
value of 15 volts, but owing to the rapid clean up of hydrogen by the hot fila-
ment, this value is unreliable. 
1
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Iodine vapor was found to be ionized by electrons having an accelerating 
voltage of 8.5 volts. 
R E S E A R C H LABORATORY., 
G E N E R A L E L E C T R I C C O . , 
SCHENECTADY, N . Y. 
STUDIES WITH THE IONIZATION GAGES. I. CONSTRUCTION AND METHOD 
OF CALIBRATION.1 
BY S. DUSHMAN AND C. G. FOUND. 
A FORM of ionization gage, consisting of three filaments, has been pre-viously described by O. E. Buckley.2 This construction was found to 
be unsuitable, as it did not always give linear relations between ionization 
current and pressure. The design used by the writers is shown in the attached 
figure. I t consists of' two tungsten filaments, each wound in the form of a 
double spiral and arranged co-axially, and a molybdenum cylinder which is 
also co-axial with the filaments and external to them. The usual connections 
of the three electrodes for measurements of low pressures (less than 1 bar) 
are as follows: The center filament is used as a hot cathode with the other 
filament at -+-250 volts with respect to the negative end of the hot filament. 
The temperature of the cathode is adjusted so that the electron emission is 
kept constant at a value which is ordinarily 10 or 20 milliamperes. The 
cylinder is connected through a galvanometer to the negative terminal of a 
20-volt battery whose positive terminal is connected to the negative end of the 
cathode. The galvanometer thus indicates the rate at which positive ions 
are produced by the electron stream from the cathode. 
Argon was used as a gas for calibration, as it does not exhibit any "clean 
u p " effects. For pressures above 0.1 bar and up to about 1.0 bar, a sensitive 
McLeod gage was used, and within this range the ionization current (for con-
stant electron emission) was found to vary linearly with the pressure (i — kp, 
where i = positive ionization, p = pressure and k is a constant). In order to 
determine whether this relation holds true at still lower pressure, a "flow" 
method of calibration was adopted. Two large bulbs are connected by a 
capillary. One of these is connected to a McLeod gage, while the other is 
connected to the ionization gage. Special care is taken to exhaust the latter 
to as high a degree of vacuum as possible, as indicated by the very small ioni-
zation current, while the other bulb is filled with argon at 10 to 20 bars. 
Knowing the resistance to flow of the capillary (Knudsen's formula) and the 
volume of the exhausted bulb, it is possible to calculate at what rate the pres-
sure should increase in the latter. This is compared with the rate of increase 
of the ionization current, and thus gives a calibration of the gage at very low 
pressures. The linear relation was found in this manner, to be valid down to 
.001 bar, and may therefore be assumed to hold true for even lower pressures. 
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For many purposes where it is desired to measure pressures above I bar in a 
sealed off device, the ionization gage may also be used with the following modi-
fications. The electron emission is maintained at 0.5 milliamperes, and the 
anode voltage is lowered to 125. With these connections, the range of pres-
sures can be extended up to about 50 bars and the linear relation is still valid. 
RESEARCH LABORATORY, 
GENERAL ELECTRIC CO., 
SCHENECTADY, N. Y. 
STUDIES WITH THE IONIZATION GAGE. II. RELATION BETWEEN IONIZATION 
CURRENT AT CONSTANT PRESSURE AND NUMBER OF ELECTRONS PER 
MOLECULE OF GAS.1 
B Y S. D U S H M A N AND C. G. F O U N D . 
A CALIBRATION of the gage described above was carried out not only with argon, but also with mercury, nitrogen, and carbon monoxide 
It was observed that, for the same pressure, the ionization current per unit 
electron current is proportional to the total number of electrons per molecule 
as calculated from the atomic numbers of the simple atoms. The following 
table gives the values of k in the equation i — kp for the different gases, at 
constant electron emission of 0.5 m.a., and the corresponding values of k/N 
where N denotes the total number of electrons per molecule. 
Gas. 
A 
Hg 
N2 
CO 
N. 
18 
80 
14 
14 
£Xio 6 . 
1.74 
8.4 
1.5 
1.39 
{kjN)i&. 
.097 
.105 
.107 
.099 
A similar determination with iodine at o° C. (for which the vapor pressure 
has been measured by Haber2 gave N — 106 (N for iodine = 53). Comparing 
the vapor pressure measurements of Scheel and Heuse for H20 with the ioni-
zation currents at the corresponding temperature, the results were found 
to be in good agreement with the calculated value N = 10. The measurements 
with H2 are in fair accord with the value N = 2, but owing to the effect of 
slight traces of impurities and to the clean-up phenomena exhibited by hydrogen 
in presence of a tungsten filament accurate measurements are difficult to obtain. 
Assuming that the ionization current is a measure of the number of collisions 
between the thermions and electrons in the molecules of gas, it is possible to 
calculate the mean free path of an electron in the different gases. This, of 
course, varies inversely with the total number of electrons per unit volume. 
For argon at 1 bar and room temperature, L, the mean free path of an electron 
1
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is calculated in this manner to be above 150 cm. By applying to this result 
the relation 
L = 4./irnde2 
where de — minimum distance of approach between two electrons for ionization, 
and n — number of electrons per cm.3, it is found that de = 4.4 X io~9 cm. 
approximately. 
Specially designed gages have been made up for an accurate determination 
of this constant, and the results of this investigation will be reported in the 
near future. 
R E S E A R C H LABORATORY, 
G E N E R A L E L E C T R I C C O . , 
SCHENECTADY, N . Y . 
CHARCOAL ACTIVATION.1 
B Y H. H. SHELDON. 
RECENTLY there have been published certain papers dealing with char-coal activation2 which propose a hydrocarbon hypothesis. The lack of 
published data either in support of or in contradiction to this theory led the 
author, on the suggestion of Dr. Harvey B. Lemon, to look for this evidence. 
The work of Dr. Lemon3 by itself is inconclusive in this respect, since the 
effects observed might be due to the heat treatment or to oxidation, due to 
the presence of air, at the temperatures used. The results which have now 
been obtained using pure gases substantiate the hydrocarbon theory and at 
the same time facts have been revealed which show that, as it now stands it is 
incomplete. 
In the case of hydrogen, for out-gassing temperatures below 6oo° C. 
the activity of the charcoal is not affected, which shows that activation 
below this temperature must be due entirely to oxidation. At 7000 C. the 
activity is increased, showing that according to the hydrocarbon theory, the 
boiling points of some of the inactive hydrocarbons have been reached. When 
no further activation could . be produced at this temperature, 8oo° C. was 
however, effective. At 9000 C. de-activation was found to take place slowly, 
which indicated that the basic structure, or active carbon was being modified. 
The de-activation was very decided at 10000 C. 
So far the evidence for the hydrocarbon hypothesis is excellent, but a most 
significant fact is that charcoals de-activated so far as the adsorption of nitrogen 
is concerned remain nearly as good for hydrogen as before treatment, regardless 
of what gases may have been in the charcoal during, or previous to the high 
temperature treatment. A sample of charcoal which, at liquid air temperature, 
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will adsorb 2,000 c.c. (normal) of nitrogen, may be de-activated so as to adsorb 
400 c.c. and still remain unchanged so far as hydrogen is concerned within 50 
c.c. For example, a sample of 25.7 grams of a certain charcoal adsorbed 
914 c.c. of hydrogen from an initial volume of 926 c.c. The same sample 
adsorbed all of the 926 c.c. of nitrogen, and on increasing the volume adsorbed 
1,780 c.c. before it was saturated. A similar sample de-activated adsorbed 
874 c.c. of hydrogen and only 406 c.c. of nitrogen. This results, then, in a 
charcoal which adsorbs hydrogen better than nitrogen and this furnishes a 
new material that may be of value in certain technical processes of gas puri-
fication. 
The above fact also suggests that hydrogen adsorption must be, to some 
extent, a different thing from nitrogen adsorption, and it is suggested that, 
apart from surface condensation, the hydrogen may, at the same time, act 
chemically to form an easily dissociated hydrocarbon. Since this secondary 
action in the case of nitrogen would not be expected this would class hydrogen 
adsorption as quite different from nitrogen adsorption, as the facts seem to 
indicate. The work with pure nitrogen is not yet quite complete. 
The method and apparatus used is similar to that described by Dr. Lemon,3 
to whom the author is indebted for advice and assistance in this work. 
RYERSON LABORATORY, 
UNIVERSITY OF CHICAGO. 
T H E ABSORPTION OF AIR BY CHARCOAL AT REDUCED PRESSURES NEAR LIQUID 
AIR TEMPERATURES.1 
BY THOS. E. DOUBT, HARRY C. THOMPSON AND H. H. SHELDON. 
IN the extraction of helium from natural gas and in other work of the War Department with charcoal it was deemed very desirable to find out how 
air was absorbed by charcoal under reduced pressure. 
The rate of absorption as well as the amount per gram of charcoal was 
sought. The results are given both in the form of curves and in tables. The 
measurements were made at 1/5, 1/10 and 1/20 of an atmosphere for temper-
atures ranging from —160 to — 1930 C. 
A N APPARENT COMPRESSION BY ADSORPTION.1 
B Y W. D . H A R K I N S AND D . T. E W I N G . 
WHEN liquids are taken up by a highly out-gassed charcoal, the volume of the liquid adsorbed increases considerably with an increase in the 
compressibility of the liquid. Unless this is a time effect, which has not been 
fully investigated, the most probable explanation is that the liquid is very 
highly compressed. 
1
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T H E ELECTRIC FIELD OF A ROTATING MAGNETIC DOUBLET.1 
BY W. F. G. SWANN. 
AT the October, 1919, meeting of the American Physical Society, the writer presented a paper on " Unipolar Induction." One of the fundamental 
conclusions reached in that paper was that, to make the ordinary "Moving 
Magnetic Line Theory" agree with the Maxwell-Lorentz theory, it was neces-
sary to treat independently the contributions from the different magnetic 
doublets which constitute a magnet, and to calculate the motion of the lines 
of force of each doublet as though they partook of the linear velocity of the 
doublet in its revolution about the center of rotation of the system as a whole, 
but not of the rotary velocity of the doublet about its own axis. 
The paper now presented deals with the rotation of a doublet about an axis 
passing through its center and perpendicular to its own axis; for, while this 
problem is not fundamentally involved in the problem of unipolar induction, 
it is of interest on its own merits. It is shown that the moving line theory 
leads to the same result as that calculated from the Maxwell-Lorentz theory 
provided that, in applying it, we divide our doublet into two constituent poles, 
and calculate the velocity of the lines as though they partook of the linear 
velocities of the poles in their revolutions about the center of the doublet but 
not of their rotational velocities. In other words, we must treat the lines of 
force from each pole as though they were rigidly attached to a disc whose 
center is at the pole, and whose plane remains parallel to itself during the 
revolution of the two poles. The ordinary application of the moving line 
theory to this case would correspond to supposing that the lines from each 
pole were pinned down at the place where they passed through the center of 
the doublet, thus making them partake of the rotational velocities of the poles 
as well as of their translatory velocities in their orbits. 
T H E CHANGE OF MOLECULAR KINETIC ENERGY INTO MOLECULAR POTENTIAL 
ENERGY—THE ENTROPY PRINCIPLE.1 
BY WILLIAM D. HARKINS AND L. E. ROBERTS. 
IF a phase, a surface, or an interface, is considered as a region, the following statement will be found to express an important relation concerning the 
kinetics of the passage of molecules from one region to another in one component 
systems. In general, when molecules pass from one definite region to another, 
the average amount of energy per molecule which is changed from the kinetic 
into the potential form, increases with the temperature, and is often propor-
tional to the absolute temperature—that is the molecules on the average 
transform a definite fraction of their kinetic energy of translation into potential 
energy for a definite regional change. Thus an average molecule in passing 
from the interior of a liquid into its surface uses 144 per cent, of the average 
1
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molecular kinetic energy, so in general only the more rapidly moving molecules 
are able to pass into the surface. The principle may also be stated in terms of 
entropy. Thus the entropy of the change is independent of the temperature, and 
ersfs 
in the case of the regional change from liquid to surface, is 2.96 X io~ 1 6 -
degrees 
per molecule, or 2.16&, where k is the Boltzmann constant. ' For the fusion of 
organic liquids the entropy per molecule is about 9.2 X io~16 ergs per degree* 
for the vaporization of a solid at the melting point, 20.7 X io~16, for the disso-
ciation of solids, 22 X io~16, and for the vaporization of a liquid, 18.8 X io~16 
whenever the vapor has a concentration of 0.00507 mols per liter. While the 
relation here expressed seems to be independent of the nature of the molecules 
within certain limits, the condition which must be imposed in order that it 
may be exact seems to be somewhat similar to that in the case of Raoult's law, 
that is the substances which give the same value of any particular constant 
seem to have molecules which are somewhat alike, presumably with respect 
to their electromagnetic stray fields. This principle includes many empirical 
relations, such as those of Eotvos, Ramsay and Shields, of Trou'ton and Hilde-
brand, of Richards and Walden, of Forcrand, etc., and also shows under what 
conditions these empirical relations should hold. 
DURATION OF THE LIGHT EMISSION FROM A RADIATING HYDROGEN ATOM.1 
BY A. J. DEMPSTER. 
IT is known that canal rays moving in a very high vacuum excite very little light, due to the rareness of the exciting impacts with gas molecules. 
In the experiments described in this paper canal rays were passed through a 
small hole directly from a discharge tube into a second tube with a very much 
higher vacuum. The object of the experiments was to make the pressure in 
the second chamber so low that the natural rate of dying out of the fast-
moving luminous particles coming in from the discharge tube could be observed. 
The difference in pressure on the two sides of the hole was maintained by means 
of a mercury vapor pump which continually drove the gas from the second 
tube back into the discharge tube. By starting and stopping the mercury 
vapor pump the pressure in the second chamber could be changed from that of 
the discharge tube to a pressure very much lower without altering appreciably 
the pressure in the discharge tube itself. 
With the same pressure on both sides of the hole the canal rays gave a lumi-
nous bundle extending the whole length of the second chamber. As the mer-
cury vapor pump began to work the upper part of the bundle became fainter 
and, when the pump was in full operation, the second chamber was perfectly 
free from general gas luminosity, and the upper part of the canal ray bundle 
disappeared completely. The rays issuing from the hole in the cathode were 
still bright but died out gradually in a distance that could be readily observed. 
1
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With a discharge tube about 3 cm. in diameter, the bundle extended about 4 cm. 
beyond the hole before ceasing. The intensity of the rays could be varied 
from very faint to the maximum intensity by changing the current through 
the discharge tube without affecting the phenomena of dying out in 4 to 5 cm.; 
merely the total intensity being altered. In another tube 2.2 cm. in diameter 
where the discharge tube pressure was necessarily greater and the velocity of 
the rays less, the bundle was estimated to die out in 3-3.5 cm. The speed of 
the canal rays may be obtained from Doppler effect measurements, and for 
conditions similar to those in the first tube, the fastest rays have a speed of 
approximately 9 X io7 cm. per sec. The time required for the radiating 
particles to die out is therefore approximately 5 X i o - 8 seconds. The light 
observed is practically entirely due to H#. 
The present value agrees in magnitude with an estimate made recently by 
Stark by a different method. For H5 he obtains 4 X io~7 sees, and states 
that the time for H7, Hp, H a is less than this. He also observes that the 
higher members of the series require a longer time to emit their amount of 
radiation than the first members. This may be interpreted qualitatively on 
Bohr's atom model as indicating that an electron requires a longer time to return 
to the second orbit from a far distant ring than from one not so far out. Taking 
the value 5 X io - 8 there are approximately 3 X io10 vibrations emitted 
during the return of the electron from the third ring to the second. If no 
other cause of inhomogeneity were present apart from natural damping inter-
ference should be obtained with path differences of 15 meters. 
The author wishes to acknowledge his indebtedness to Mr. T. Takamine, 
who assisted in carrying out some of the experiments. 
T H E SPECTRO-PHOTO-ELECTRIC SENSITIVITY OF THALOFIDE.1 
BY W. W. COBLENTZ. 
CONTINUING the investigation of the spectro-photo-electric sensitivity of various substances, through the courtesy of Mr. T. W. Case, the 
writer has examined thalofide.2 
This substance has a complex band of high photo-electrical sensitivity, with 
maxima in the region of 0.9 /JL and 1 /*. At room temperature, it appears to be 
insensitive to radiation of wave-lengths greater than 1.3 JJ,. 
The photo-electric response attains its maximum very quickly and unlike 
the selenium cell there is no great lag in recovery after exposure to light. 
In view of its high sensitivity, an attempt should be made to use this 
device in measuring variable stars, etc. Used in connection with the potas-
sium-hydride photo-electric cell, which is sensitive to the violet, valuable 
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information should result from simultaneous measurements with these two 
instruments. 
W A S H I N G T O N , D . C , 
November n , 19.19. 
VIBRATIONAL FREQUENCIES OF THE HALOGEN ACID MOLECULES.1 
B Y W. F . COLBY. 
A PAPER by Imes entitled "Measurements on the Near Infra-red Absorp-tion of some Diatomic Gases" in the current number of the Astrophysical 
Journal shows that the absorption bands of three halogen acids in this region 
can be closely represented by the formula 
v = *>oo ± vrn — an
2
, 
where n indicates successive integers. In accordance with the Bjerrum postu-
late which ascribes these absorptions to a combination of rotation and inter-
atomic vibration of the molecule, the present paper undertakes an investigation 
of a familiar molecular model in the hope of testing the above formula. The 
simplest model of the generally accepted type is slightly idealized into four 
equal electronic point charges. The two positive charges are associated with 
the masses of the H and CI atoms respectively and held at a definite distance 
by the two negative charges (electrons) which are revolving in a circular orbit 
about the atomic axis halfway between the nuclei. The electrons have an 
angular momentum of h/2T. The whole system is capable of rotation about an 
axis through the centroid normal to the atomic axis with angular momenta 
which are integral multiples of hJ2ir. 
The equilibrium equations are 
n
2h2/4ir2(2x)3M + e2/(2x)2 = 2e2x/(x2 + y2)%, 
nh2/4.ir2ysm + e2/y2 = 2e2y/(x2 + y2)^, 
where 2x is the distance between the nuclei and y the radius of the electronic 
ring, m is the mass of the electron and M the reduced mass of the other (mole-
cular) rotation. 
An approximate solution for x gives 
x = 2.917 io~9 + 1.23 io~12n2, 
By this theory vr in Imes equation should equal h/i6ir2Mx2. The observed 
values of v allow one therefore to calculate x. A comparison with the above 
equation shows that both constants are of the right order of magnitude and 
represent the observed values surprisingly closely. 
One may solve similarly for the vibrational frequency and express the result 
by 
VQ = I . 4 4 8 5 IO1 4 — 4 . 6 3 IO1 0^2 , 
1
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which again agrees remarkably well with Imes formula 
Po = *oo — cm2, 
both in form and constants. 
The above model gives results which agree numerically more closely with 
the experimental data for halogens of low atomic number which one might 
expect the point charge model to represent more accurately. The greater 
deviations for high number are doubtless due to the screening effect of the 
inner electrons about the atomic nucleus, a configuration which the above 
equations have not taken into account. 
SYMMETRICAL SUBDIVISION OF ANODE GLOW IN HELIUM DISCHARGE TUBES. 1 
BY G. M. J. MACKAY. 
THE anode glow produced by electrical discharge in helium at 2 cm. pressure may appear as a number of symmetrically arranged luminous 
dots, about 2 mm. in diameter. The most striking arrangement obtained is 
the three ring type, with one dot at the center of a regular pentagon, surrounded 
by eleven uniformly distributed about the circumference of the circular anode, 
2.6 cm. in diameter. 
RESEARCH LABORATORY, 
GENERAL ELECTRIC COMPANY, 
SCHENECTADY, N. Y. 
T H E NUCLEI OF ATOMS AND THE N E W PERIODIC SYSTEM.1 
BY W. D. HARKINS. 
FORMER papers by the writer have proved that the abundance of com-plex atoms, and presumably the stability of the nuclei of the atoms, 
shows a periodicity such that the nuclei of the atoms of even and of odd nuclear 
charge fall into two classes. An even charge on the nucleus is accompanied 
by a very much greater abundance, and seemingly by a very much greater 
nuclear stability. The present paper continues the discussion of this period-
icity, and gives some new relations concerning the composition and structure 
of the nuclei. Thus it is shown that the negative electrons in the nuclei are 
almost always associated in paris, not only in the helium nucleus, but also in 
the more complex nuclei. Hydrogen nuclei occur most frequently in groups of 
4, less frequently in groups of 3, very seldom in groups of 2 except among the 
heavy atoms or in less abundant isope-of neon, magnesium, silicon or chlorine, 
while in only one case, that of beryllium, is there a strong indication of 
a single hydrogen nucleus which is not associated in one of these sets. In 
the beryllium nucleus one hydrogen nucleus together with one negative 
electron serve the peculiar purpose of binding together two helium nuclei. 
From three to ten helium nuclei may alone unite to form a complex nucleus, 
1
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but when more than ten are included at least one extra helium nucleus is 
bound on by the inclusion of two negative electrons. Evidence of the existence 
of a meta-hydrogen is discussed, and it is also shown that isomeric as well as 
isotopic atoms, and also isomeric nuclei, exist. The composition of both light 
and heavy atoms is presented in the form of formulae, together with formulae 
for the nuclei of these atoms. The system proposed is based largely on, and 
is an extension of the ideas introduced in connection with radioactivity, 
especially by Rutherford, by Moseley, and by Soddy, and on the abundance 
and atomic weight relations of the atoms. 
T H E CONSTRUCTION OF THREE-ELEMENT POWER ELECTRON TUBES. 
B Y E A R L E M . T E R R Y AND C. M . JANSKY, J R . 
THE three-element electron tube has now been perfected to a stage where it is a very essential adjunct to every physical laboratory, as well as 
being of very great importance in its commercial applications. Unfortunately 
the patent situation is such that only one type of tube is procurable on the 
open market. The authors have devised a new form of electron tube, the 
construction of which is sufficiently simple so that it can be constructed in any 
laboratory which is ordinarily well equipped. Some of these tubes will be 
exhibited and their operational characteristics discussed and a number of 
applications described. The authors have also devised a new circuit for radio 
telephony and by use of these tubes have radio-phoned successfully from Madi-
son to Great Lakes, one hundred miles, and from Madison to Chicago, one 
hundred and thirty miles. These tests will also be described. 
EXPERIMENTS ON OSMOTIC-ELECTRIC ELECTROMOTIVE FORCES.1 
B Y A. P . CARMAN AND E. C. F R I T T S , J R . 
THE accepted theory of osmotic-electric currents (Stromungstrome) and of electro-osmosis, is that due to Helmholtz, which assumes at the start 
an "electric double-layer" at the boundary between the liquid and the walls 
of the porous diaphragm or of the capillary tube. In more recent years, 
Perrin2 and others have raised questions concerning the Helmholtz theory. 
Thus, "Perrin inclines to the opinion that the kind of material in the wall is 
not essential, that with pure water every material is neutral, and that the 
exceptions from this depend upon secondary influences, in particular on a 
certain degree of solubility of the material of the wall (for example of the 
glass)."3 Perrin attempts to explain the electric double-layer at contact by 
the distribution of the ions of the ionized liquid at the boundary surface, the 
smaller ions forming a layer staying along the boundary wall. The following 
1
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experiments have been made on the electromotive forces produced when water 
is forced through capillary tubes to test these theories. The electromotive 
forces were determined with a Wolff potentiometer and a standard cell. Some 
measurements were made with a quadrant electrometer but the potentiometer 
method was easier and found equally accurate. Pyrex glass, which has a neg-
ligible or zero solubility in water was used for tubes and also for the containing 
vessels. The "ordinary distilled" water was freshly distilled from rain water 
in a fine tin-lined steam-heated still. The "extra-distilled" water was redis-
tilled in a quartz flask, heated on an electric furnace, and collected in a Pyrex 
flask. The Jena glass capillary was from a lot of special "apparatus" tubing 
imported a number of years ago by the department of physical chemistry for 
use in water conductivity experiments, etc. Capillary tubes of sulphur, rosin 
and sealing wax (imported "Bank of England") were prepared by drawing 
heated wires from rods of the material. The capillary tubes were of dimen-
sions to obey Poiseuille's law. We find, as can be seen from the summary 
below, that the purer the water, and the less soluble the glass of the tube, the 
higher the electromotive forces produced. The effect of the material of the 
wall of the tubes is also shown in the tubes of sulphur, rosin and sealing wax. 
I t is not yet evident how these results can be explained on Perrin's theory, 
particularly that with the purest distilled water with the least soluble glass, 
we get such very large electromotive forces. Further experiments are in 
progress with tubes of different materials and with different liquids, and also 
using the inverse phenomenon of electro-osmosis. 
The following are the results of our experiments: 
1. The results confirm the law as stated by Quincke and Helmholtz, that 
the osmotic electromotive force is strictly proportional to the pressure, pro-
vided the tube is long enough, and this for a considerable range of pressures 
(from o cm. to 42 cm. of Hg.). The temperature effect on the electromotive 
force in glass tubes is zero, between io° C. and 8o° C. 
2. By using "extra-distilled" water in Pyrex glass tubes, we get osmotic 
electromotive force as high as 60 volts per atmosphere pressure, this for pres-
sures up to 3.65 cm. of mercury. In a Pyrex tube with "ordinary distilled" 
water we get 8.4 volts per atmosphere. In a a special Jena "apparatus" 
glass tube with ordinary distilled water, we get an electromotive force of 2.4 
volts per atmosphere, this up to pressures of 31 cm. of Hg. 
3. With capillary tubes of sulphur, rosin, and sealing wax, using ordinary 
pure distilled water, the electromotive forces are smaller. The results were 
1.17 volts per atmosphere for sulphur, 1.33 volts per atmosphere for rosin, 
1.37 volts per atmosphere for sealing wax, using ordinary distilled water and 
with pressures up to 40 cm. of Hg. 
LABORATORY OF PHYSICS, 
U N I V E R S I T Y OF ILLINOIS , 
URBANA, ILLINOIS , 
November, 1919. 
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NEUTRAL MAGNETIZATION IN IRON.1 
B Y A. W. SMITH AND H. E . HAMMOND. 
IN unsymmetrical hysteresis curve can be found in which the returning branch will pass through the zero point. It has lately been maintained 
that at this point the curve runs into, and is continued by, the normal mag-
netization curve. The present paper gives the results of careful measurements 
by the direct deflection method, and shows that the unsymmetrical hysteresis 
curve passes through the zero point with a greater slope than the magnetization 
curve, and continues above the latter throughout its length. The same char-
acteristics are found in Swedish iron, cast iron, and cast steel, for hysteresis 
loops of various amplitudes. The results show that iron brought to the zero 
point along any hysteresis curve is in a definite state of magnetization, even 
though neutral, and in this condition it has a greater permeability than when 
it is demagnetized. 
U N I V E R S I T Y OF M I C H I G A N . 
T H E RIGIDITY OF THE EARTH.1 
B Y A. A. M I C H E L S O N AND H E N R Y G. G A L E . 
FROM November 20, 1916, to November 20, 1917, a continuous series of observations was made on the grounds of the Yerkes Observatory at 
Williams Bay, Wis., to determine the rigidity and viscosity of the earth. 
Tides were measured in an E-W and in a N-S pipe. The pipes, six inches in 
diameter, were buried six feet under ground, carefully levelled and half filled 
with water. The pipes ended in pits eight feet square and ten feet deep. 
The changes in water level were recorded by projecting horizontal interference 
fringes onto a narrow vertical slit in front of a moving picture film, which 
was drawn horizontally by clock work at the rate of about 2 cm. per hour. 
The light used was X4358 from an alternating current Cooper-Hewitt mercury 
lamp. 
The observed tides were compared with tides computed for the same appar-
atus on the assumption of a perfectly rigid earth. The results are shown in 
the accompanying table, in which are given the amplitude of the observed 
tides in fringes, the ratio of these amplitudes to the amplitudes of the corre-
sponding computed tides, and the acceleration in phase- of the observed tides 
over the computed tides. R and A<£ were determined for each lunar month, 
and the table gives the average difference from the mean, following the mean 
values of R and A<£. Means were found by weighting the tides in proportion 
to their amplitudes, except that the N-S lunar diurnal tide was ignored, since 
the uncertainty here.was very great, the amplitude being less than 0.5 fringe. 
The experiment indicates that the rigidity of the earth is the same in the 
1
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N-S and E-W directions, and that R = 0.690 with a probable error of ±.004. 
The lag of the earth tide behind the impressed forces is A$ = 40. 
TABLE. 
Lunar 
semi-diurnal . 
Solar 12h 
Lunar diurnal. . 
Weighted means 
Final values . . . 
N-S. 
Amp. 
6.188 
3.150 
.408 
R 
0.6765 ±.019 
.716±.041 
.584 ±.200 
0.6895 
A<f>. 
ri5'±i° v 
5°35 '±3° i2 ' 
7°46 ,±15° 
2°41' 
E-W. 
Amp. 
9.375 
4.429 
3.799 
R. 
0.6915 ±.007 
.681 ±.018 
.698 ±.023 
0.6903 
A0. 
5°54'± 56' 
5°30 '± l o 28 ' 
38 '±3°28 ' 
4°34' 
R = 0.690±.004 A<f> = 4° 
STROBOSCOPIC FORMULA USED, BY POSKE, BY MICHELSON, AND BY REED 
RESPECTIVELY, FOR RATING TUNING FORKS, AS SPECIAL CASES OF THE 
MORE GENERAL STROBOSCOPIC EQUATION.1 
• BY L. E. DODD. 
FOR rating tuning forks by the general method of coincidences particular formulae for the particular cases have been employed. Thus Poske2 
used the relation 
m = I ± i/s, (1) 
where m is the frequency of the test fork, I the frequency of illumination, 
and 5 the period of the image cycle, or optical beat. Again, apparatus by 
Michelson3 required the formula 
n = N ± ifs, (2) 
where n is absolute value of frequency of test fork, N the nearest integer to #, 
and ^ the number of flashes during the time of an optical beat. Further, 
Reed4 employed with his experimental conditions the relation 
Nt = n ± c, (3) 
where N is frequency of test fork, t the period of the intermittent illumination, 
n an integer, and c = i/a> where a is identical with s in (2). 
Eqs. (1) and (2), while apparently of the same form, are two different 
relations. Moreover (1) has dimension of frequency, while (2) has no dimen-
sions. Eqs. (2) and (3) are however similar. All three are special cases of 
the more general stroboscopic equation, which is given by Poske (loc. cit.) in 
the form 
fxn — vm — 1/2T, (4) 
1
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where /JL/V is a fraction at lowest terms expressing the nearest whole-numbered 
approximate ratio of the two fork frequencies, n and m, and r is the half-period 
of the beat. Poske does not however refer to a relation between (4) and (1), 
when in fact the latter is a special case of the more general form. This general 
form was derived independently by the writer1 from a study of the stroboscopic 
effect in the tonoscope of Seashore,2 after the general expression for strobo-
scopic velocity had been derived,3 which is 
v, = {A - nftn-B) D0, (5) 
where vs is the stroboscopic velocity, A the frequency of dots in a given row on 
the rotating drum, n/m a fraction at lowest terms, B the frequency of illumi-
nation, and Do the distance between dots in a particular row on the drum. 
From (5) and an additional relation noted at that time, the form mentioned 
as being equivalent to (4), as given by Poske, was derived but with the notation 
/ =
 mA - nB, (6) 
where / is the frequency with which simple stroboscopic images pass the 
tonoscope scale, and the remaining symbols are the same as in (5). It is seen 
that the time interval between the transit of one image past the tonoscope scale 
and the transit of the image next following corresponds to the period of an 
optical beat in the apparatuses of the three investigators named. 
Eqs. (1), (2) and (3) above are shown to be special cases of the general form 
(4) and (6). 
NOTE ON THE THEORY OF LONGITUDINAL VIBRATIONS IN RODS HAVING 
INTERNAL LOSSES.4 
BY W. G. CADY. 
THE equations for vibrations of the type indicated in the title were derived in connection with an experimental investigation, an account 
of which will appear later. The fundamental equation is 
in which P and Q are constants depending upon the material, P being Young's 
modulus divided by density, and Q proportional to the viscosity. Equation 
(1) is first solved for the case of free vibrations, assuming £ to have the form 
t — A £~ikx—(a-t-i<o)t 
exactly as in the well-known problem of plane waves in a viscous medium. 
General expressions are obtained for wave-length and logarithmic decrement, 
for any frequency, in terms of P and Q. Application is then made to a thin 
1
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rod vibrating with both ends free, frequency and damping being derived for 
the fundamental and for any harmonic vibration. 
In the treatment of forced vibrations, it is assumed that two simple-harmonic 
forces, of like amplitude but opposing phases, are applied at opposite ends of a 
rod of length I. The problem is, to find the amplitude and phase of the dis-
placement at the ends of the rod.
 t We write 
in which A is a complex function of x. The terminal conditions are, that at 
the middle of the rod £ = o, while at the end, 
dx 
where E is Young's modulus and F0 the maximum impressed pressure. A is 
found to be expressed thus: 
^ _
 g m yXf 
yl 
Ey cosh — 
2 
where 
' -P+iooQ' 
co being equal to 27rf, and x the distance from the center of the rod. 
The value assumed by A at the end of the rod is found, and from it the ampli-
tude and phase of the displacement follow at once. 
In applying these equations to actual cases, the numerical work is rather 
laborious. It would be a great advantage if the system could be treated as 
having only one degree of freedom, as this would greatly simplify the solution. 
A proof is furnished that, if the viscosity is small, the amplitude and phase 
relations in the neighborhood of resonance, on the assumption of one degree 
of freedom, are in very close agreement with those derived by the more general 
theory. Suitable values for the coefficients of inertia and stability must of 
course be assigned. 
It is hoped that the expressions derived will afford a means for determining 
the coefficient of viscosity of a solid when in a state of rapid vibration. 
WESLEYAN UNIVERSITY. 
T H E MEASUREMENT OF VERY SHORT TIME INTERVALS.1 
BY PAUL E. KLOPSTEG. 
A BRIEF review is given of the usual method of determining time intervals of the order of millionths of a second. Sources of error are discussed, 
and a simple modification of circuits proposed, which utilizes the advantages 
of partial deflection methods, thereby gaining the accuracy pertaining to such 
methods. The observations are easily made with the aid of a specially designed 
1
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double throw gang switch, which at the same time eliminates possible error 
from absorbed charge in the condenser. After the event being timed has oc-
curred, the switch is thrown over, and a galvanometer throw which in most cases 
amounts to not over a centimeter or two is observed. The paper further gives a 
derivation of the working equation for computing the time interval from the 
observations. From the relations expressed in the equation, it follows that 
the attainable accuracy in the measurement should be practically that of a 
resistance, a resistance ratio, and a capacity value. Experimental results 
obtained with the aid of a Helmholtz pendulum are given in two tables. The 
probable error in the computed interval, based upon a single observation, does 
not exceed 0.15 per cent, in a total interval of 250 microseconds. The pre-
cision of measurement attained was such as to enable the determination of an 
overall temperature coefficient of the Helmholtz pendulum and its accessories. 
This coefficient, at a setting of the pendulum of 250 micro-seconds, amounted 
to approximately 1 microsecond per degree. 
ON THE EFFECTIVE CAPACITY AND RESISTANCE OF A CONDENSER FOR HIGH 
FREQUENCY CURRENTS.1 
B Y F . C. B L A K E . 
BY careful experiments on the free oscillations of a Lecher system as the capacity of the end condensers is changed by increasing the capacitive 
coupling, it is found that the capacity of an air condenser is independent of 
frequency. Lord Rayleigh's equations for the effective stiffness and the 
effective resistance of a circuit due to the mutual elastic reactions between 
two circuits each containing inductance, capacity and resistance are verified. 
In making this verification it is shown that the coefficient of elastic or capacitive 
coupling is the mutual elastance divided by the square root of the two self-
elastances. The true relationships between the mutual and self-elastances 
and the mutual and self-capacities are pointed out. The effect of this upon 
vacuum tube construction is pointed out as well as the modern necessity 
for electrical and radio engineers thinking in terms of elastances instead of 
capacities at least when dealing with reacting circuits. It would seem that 
a beginning has been made toward the scientific development of electrostatic 
transformers. 
ON THE DIELECTRIC CONSTANT OF KEROSENE AND WATER FOR HIGH F R E -
QUENCY CURRENTS. 
B Y F . C. B L A K E AND C H A R L E S SHEARD. 
BY means of the free oscillations of a Lecher system using a wave-length of 250 cm. the dielectric constants of kerosene and water were measured 
and found to be of the order of 1.7 and 4.4 respectively. These results are 
in agreement with those of F. Beaulard,2 but differ widely from the results of 
1
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most experimenters. I t is believed that the latter results contain errors due 
to the conductivity of the water and the methods of measurement, especially 
due to the free ends of the Lecher wires used. It is also suggested that many 
experimenters when measuring the dielectric constant of water may have been 
measuring the wave length of some harmonic rather than the fundamental. 
T H E VISCOSITY-TEMPERATURE CURVES OF SIX VARIETIES OF OPTICAL 
GLASS.1 
BY E. W. WASHBURN AND G. R. SHELTON. 
THIS is a preliminary report of some experiments with an apparatus adapted to the study of the viscosity of any type of commercial glass. 
The method employed was that of Margules. A hollow porcelain cylinder 
was rotated in the molten glass contained in a co-axial cylindrical porcelain pot, 
Fig. 1. 
H, heating coils; T, thermocouples giving identical temperature readings. 
both the pot and its cover being wound with platinum wire for the purpose 
of maintaining the glass at a definite temperature (Fig. 1). The force neces-
1
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sary to drive the inner cylinder at a measured speed was determined, the vis-
cosity of the liquid varying directly as the driving force and inversely as the 
speed. The apparatus was standardized with liquids of known viscosity. 
Fig. 2. 
A thermocouple in the interior of the hollow cylinder and a second similar 
couple on the exterior surface of the pot served to measure the temperature of 
the melt. Preliminary results secured with six varieties of optical glass sup-
plied by the Bureau of Standards are shown in the accompanying diagram 
(Fig. 2). 
T H E SPECTRAL DISTRIBUTION OF THE RADIANT ENERGY OF METALS.1 
B Y G R O V E R R. G R E E N S L A D E . 
FOR determining the spectral distribution of the radiant energy emitted by different metals, each specimen was rolled into a thin sheet and then 
folded in such a way as to form a V of small angle. The working temperatures 
could then be determined by focusing an optical pyrometer into the black 
body crevice of the V, while the polished outside surface of the metal was 
radiating to the analyzing apparatus. 
This apparatus consisted of a reflecting spectrometer and a receiving bolom-
eter. In order to minimize absorption the prism of the spectrometer was 
made of rock salt and the entire apparatus was mounted in a vacuum chamber. 
This chamber was equipped with windows for pyrometric observations, elec-
trical leads for heating the specimen, and for connecting the bolometer with a 
galvanometer placed outside. 
1
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Energy curves for a number of different temperatures were taken for each 
of the following metals: gold, iron, nickel, cobalt, rhodium, iridium, molyb-
denum and tungsten. These curves, as presented, have been corrected 
for galvanometer drift, impurity of spectrum due to width of spectrometer 
slit, change of bolometer sensitivity due to slight pressure variations in the 
vacuum chamber, and for variations in spectral concentration due to the non-
linear dispersion of rock salt. They have also been reduced to a common 
energy basis by comparison with an arbitrary standard source. This compari-
son standard was a small lamp placed inside the vacuum chamber and was 
entirely shielded except for a small aperture facing the bolometer. The 
opening and closing of this aperture was accomplished by means of an electro-
magnetic shutter. 
It was found that the total radiated energy, as well as the form of the wave-
length-energy curve varied with the purity of the metal. The extent of this 
variation may be seen from the following: one specimen of commercial nickel 
a t
 1353° K. had a total emission of 2.5 times that of electrolytic cobalt-free 
152 THE AMERICAN PHYSICAL SOCIETY. [ s aSS 
nickel at the same temperature, and the energy for the wave-length of maximum 
emission was 3.0 times as great. This large difference was probably due to 
contamination of the surface by the ash contained in the impure specimen. 
LABORATORY OF PHYSICS, 
U N I V E R S I T Y OF W I S C O N S I N , 
November, 1919. 
T H E FINE-STRUCTURE OF THE NEAR INFRA-RED ABSORPTION BANDS OF THE 
GASES HC1, HBr, and HF.1 
B Y H. M . RANDALL AND E . S. I M E S . 
THE doublets which seemed characteristic of the near infra-red absorption spectra of a number of gases were supposedly explained by the com-
bination principle of Rayleigh, viz: that an oscillator which emits and absorbs 
at a frequency VQ in the near infra-red due to its oscillations alone would, when 
rotating about an axis perpendicular to its line of vibration with a frequency 
vT corresponding to the far infra-red, emit and absorb at the additional fre-
1
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quencies v0 + vr and v0 — vr. With a maxwellian distribution of rotational 
velocities, the near infra-red band should consist of two broad absorption areas 
with maxima at v0 ± vr, where vr is the most probable rotational frequency. 
With higher resolution, the two broad absorption regions have been partially 
resolved into a number of narrow components whose explanation by the Ray-
leigh combination principle would require a number of distinct rotational 
frequencies. The quantum hypothesis would ascribe these to a series of 
stationary rotational states, in the far infra-red. 
The partial resolution of these bands, which has been accomplished by the 
Fig. 1. 
The HC1 Band at 3.4611. Mapped with 7500-line grating. HC1 at atmospheric pressure. 
use of prism spectrometers, lacks both the necessary accuracy and completeness 
to justify the extended theoretical treatment necessary to test either the quan-
tum ideas involved or to construct molecular models. Greatly increased 
resolution and accuracy has been obtained by using gratings in place of prisms 
as the dispersing agents. By focusing upon the slit of an infra-red grating 
spectrometer the spectrum produced by a prism spectrometer, using a salt 
prism of small refracting angle, the spectral region to be analyzed by the grating 
is too short for the overlapping of spectra, and it is possible to employ the full 
resolving power of a series of graded gratings with the result that in several 
instances the absorption curves show apparently complete resolution. The 
results are also more accurate, it being possible to determine the position of the 
narrow absorption bands with an accuracy of a few angstrom units. 
The curve No. 1 shows the results obtained with the HC1 band at 3.46 11 
when the grating employed had 7,500 lines per inch, and the width of the 
spectrum falling upon the thermopile slit corresponding to 29AU. Each 
member of the earlier broad doublet is shown resolved into twelve narrow bands. 
The pairs Vo ± vn, r according to the Rayleigh principle, should be symmetrically 
grouped about the central position but the curve shows an unsymmetrical 
grouping. If the mid position of each pair represents the vibrational frequency,, 
it is evident that, counting from the center of the band, the successive pairs 
have their centers located successively farther and farther toward the long 
wave-length end of the spectrum. This indicates that the vibrational fre-
quency is a function of the rotational frequency and that the vibrational fre-
quency is slowed down as the energy stored by rotation increases. 
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If the mid position of each pair be platted as ordinates against the number 
of the pair as abscissae, curve No. 2 is obtained. The regularity of this curve 
is very suggestive of the accuracy of the results obtained and clearly shows 
the shift of the centers of each pair toward the long wave-length side of the 
absorption region. The equation of this curve vn = 2881.03 - .30 N2 shows 
Von-n Curve for the HC1 Band at 3.46 /*• 
that the extrapolated center.of the band, v0, is 2887.03. This is the vibra-
tional frequency when uninfluenced by molecular rotation and corresponds 
to a wave-length of X0 = 34637 /* as against 3475 M given by the original 
doublet maxima. Corresponding results in HBr and HF show X0 = 3-9°75 A 
and Xo = 2.5237 JJL where the earlier result for HBr was 3.925 fi. 
If vn, r is the distance in terms of frequency of the individual band of each 
pair from their respective centers, then the relation 
h 
Vn,r = n —jz. 47T2/ 
requires that vn, r/n should be a constant. The experimental results show in all 
three gases a slight diminution of this quality. This is most readily accounted 
for by assuming that / the moment of inertia of the molecule increases with 
the speed of rotation. 
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According to Kemble there should be a "harmonic" accompanying the band 
at 3.7 M whose wave-length should be exactly one half that of the "funda-
mental." By using a grating having 20,000 lines per inch, the absorption 
curve shown in Fig. 3 was obtained. I t shows the same general departures 
The HC1 Band a t 1.76 /u. Mapped wi th 20,000 line grat ing. HC1 a t atmospheric pressure. 
from symmetry that the "fundamentals" do. The extrapolated center of 
this band lies at X0 = 1.7646/*, distant .033// from \ of X0 = 3.4637/z toward 
the long wave-lengthside. The "harmonic" relationship is therefore not 
substantiated. The form of the curve indicates that there is still not complete 
resolution even with the dispersion furnished by 20,000-line grating. The 
moment of inertia and length of the molecule computed from the data obtained 
from the main maxima check with those obtained from the data of the funda-
mental. 
The following table contains some molecular quantities computed from 
the data of this investigation. L is the distance separating the atoms. 
Molecule. 
H F 
HC1 
HBr. 
/ • 104°. 
1.37 
2.64 
3.27 
L • io 8 . 
.14 
1.28 
1.42 
/ • io40 (from Kinetic 
Theory). 
2.45 
3.35 
P H Y S I C A L LABORATORY, 
U N I V E R S I T Y OF M I C H I G A N . 
STUDY OF THE ENERGY OF POSSIBLE STANDARD OF SOUND.1 
B Y C H A S . T. K N I P P . 
THE new source of sound, that was described and exhibited for the first time (by the writer) before the Pittsburgh meeting of the American 
Physical Society,2 presents many interesting features. Recently the energy that 
is required to produce a given tone was quantitatively measured by employing 
a calometric method. This is possible since, in the case of this source, the 
sound is produced at the expenditure of heat energy. By placing the sounding 
tube in a calorimeter containing water, Fig. 1, it was found comparatively 
1
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easy to measure the heat energy absorbed by the water-bath, (a) when the 
tube is sounding, and (6) when the tube is stopped off. From these two 
quantities, together with the heat energy supplied in each case to the bath 
by the electric current, the energy required to maintain the tone emitted may 
be determined. 
Let We = heat energy supplied to the calorimeter, 
Wh — heat energy absorbed by bath, 
Ws = energy absorbed in producing sound, 
and W0 — other energy losses. 
Then, we may write, 
We = Wh+ Ws+ Wo. 
The following table contains the data obtained on three different days. 
Vs'Thermometer 
r\ 
v^v 
SOUND/NG TUBE, 
<5tra/ghtForm > 
SOUND-
ENERGY OF, ETC. 
Fig. 1. 
In the last column is recorded the per cent, of the total energy supplied that 
was used in maintaining the tone emitted by the sounding tube. This appears, 
under the conditions of the experiment, to be about two per cent. 
Tube sounding. . 
Tube stopped off.. . . 
Tube sounding 
Tube stopped off. . . . 
Tube sounding 
Tube stopped off... . 
Energy in 
Joules/Sec. 
Supplied. 
49.28 
46.43 
47.91 
47.94 
48.82 
48.09 
Energy in 
Joules/Sec. 
Absorbed. 
47.36 
45.59 
45.73 
46.67 
46.39 
46.54 
w9 + w0 
Ditto Ditto 
to to Other 
Sound. Losses. 
1.92 
2.18 
2.43 
w0 
Net 
Other 
Losses. 
8.4 
1.27 
1.55 
Net 
Sound. 
1.08 
.91 
.Z% 
Per Cent. 
of Total 
Energy 
Supplied 
to Sound. 
2.19 
1.90 
1.80 
A sample of the straight form of tube, operated under different conditions 
as regards length of extensions and size of resonators, was exhibited. 
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